The paper proposes a fuzzy logic-based group decision making (GDM) approach, which can be used for quality function deployment (QFD) in the development of product improvement strategies. Decision makers can state their preferences in various ways, including incomplete preferences which are difficult to evaluate in a coherent way. We extend the QFD methodology by using a GDM approach which considers multiple preference formats and incomplete information. Finally, a numerical analysis for "Portable Entertainment and Game Systems" design is given to verify the feasibility of the model.
Introduction
A good product design requires designers to know what is being designed, and what end-users expect from the product. As a systematic approach for design, Quality Function Deployment (QFD) is based on awareness of customer requirements, and is integrated with functional groups of a business. The ultimate goal of QFD is to use objective procedures with increasing detail during the development stages of a product 1 . It aims to translate quality criteria, which can be subjective, into more quantifiable, objective and measureable ones so that the criteria can be made use of for designing and manufacturing the product accordingly. QFD makes use of the "House of Quality" (HOQ) 2,3 matrix, which is basically a conceptual construct for identifying customer needs (CNs) for the design process and setting priorities of design requirements (DRs) to satisfy them. QFD has proved its usefulness in product development since many years. [4] [5] [6] [7] [8] [9] [10] QFD is used for defining how and where product development priorities should be assigned. It involves inherently vague inputs from individuals as a result of human perception, judgment and evaluation. Therefore, data collected from decision makers on the importance of requirements are usually subjective and uncertain. To reduce the bias and partiality that can faced during the decision process, QFD widely utilizes group decision making (GDM) [11] [12] [13] [14] and fuzzy set theory [15] [16] [17] [18] [19] . In a GDM process, different alternatives are assessed by a predefined group of decision makers (DMs) who without doubt differ in their education, background, competence, experience, and character. DMs from different environments and qualifications may provide their judgments on alternatives in different formats (e.g. numeric or linguistic), making it more difficult to obtain an accurate quantitative evaluation. It must be pointed out that DMs may not always have exact information about the problem. They also may not always be in a position to clearly compareexiting alternatives due to factors such as time constrict, insufficient knowledge, -motivation deficiency, etc. Statement of preferences -in different formats has -took attention in literature [20] [21] [22] [23] [24] [25] [26] . Although such constraints in the evaluation process cannot be handled effectively without incomplete preference relations, Büyüközkan and Çifçi 27 uniquely addressed multiple formatted preferences that handle incomplete information. The goal of the study is to adopt an integrated QFD methodology with GDM approach. The approach incorporates incomplete information and multiple preference formats, and combines various expressions into a single final group decision by utilizing the fuzzy set theory. 28 As the validation of the approach, a HOQ application is presented for "Portable Entertainment and Game Systems". Considering that the incomplete and multiple preferences techniques are not prevalent in literature, the main contribution of this study is that it effectively combines both techniques with QFD for product development. Section 2 of the paper will provide a literature survey for HOQ, GDM, multiple preference formats and incomplete preference relations. In Section 3, the proposed approach for QFD is introduced. An application of the fuzzy logic based GDM approach is given in the Section 4 and the Section 5 closes the discussion with concluding remarks.
Literature Survey

House of Quality
QFD basically has three goals; to prioritize spoken and unspoken CNs; translate these CNs into technical specifications (i.e. DRs); and to establish and bring a quality product or service to the market by targeting efforts on customer expectations and needs. QFD can be seen as a tool that helps businesses to focus on what customers believe to be substantial and to ensure that these specifications are met in the last product/service. To accomplish this objective, a series of matrices are used. The basic benefits of QFD are decreased design costs and development time 30, 31 . It also improves communication and cohesion among the product development staff and helps consolidating design decisions in early stages of development efforts 33 .
HOQ is one of the products of QFD. With HOQ, "what customers want" versus "how these wants can be given to them" can be visually compared in a short time. When a product development team initiates a QFD process, the first matrix used is HOQ, which is considerably strong because of the amount of information that can be documented and analyzed 34 . In constructing the HOQ matrix (see Figure 1 ), the first thing to do is to acquire the "voice of customers" as inputs of CNs. These CNs are then expressed quantitatively and comparisons are done for prioritization. As another key step, it is determined and analyzed which CNs depend on which DRs. Afterwards, a relation matrix is established between CNs and DRs.
In the final stage of constructing HOQ, DRs' priorities are found and goals are determined. Despite its popularity, there have been no coherent or uniform QFD concepts -so far, which can be confusing for nonspecialists. 35 The proposed HOQ procedure is explained in Section 4 step by step.
Group Decision Making
In traditional QFD, several people are involved who are required to express and prioritize their preferences (CNs) 36 , which can be difficult for when specifying priorities to customer preferences. This process can lead to remarkably diverse and biased expressions based on the profile and prior experience of DMs. In this paper, the aim is to present an approach for an enhanced consensus reaching process by fusing GDM with a group-customer preference system.
When taking decisions with regards to expectations of customers, GDM processes can be subject to uncertainty inherent to customers' preferences. In literature, fuzzy GDM approaches have been studied to deal with such challenges [37] [38] [39] [40] . The fuzzy set theory can be utilized in overcoming the decision making problems for treating uncertainty. Lingual expressions are considered as the natural statement of the preference or decision such as satisfied/dissatisfied. As the DM views are based on lingual parameters, the evaluation of their opinions must be handled with in a vague, fuzzy environment. For this reason, this paper includes the fuzzy GDM which provides the decision making process to be reasonable and comprehensive.
Several authors have previously studied fuzzy GDM approach in QFD. Bevilacqua 47 also studied fuzzy decision making in QFD for product development.
It is of primary importance to achieve consensus in a group of different opinions, especially when uncertainty exists. Despite their value because of their use of GDM methods applied in fuzzy environments, literature has so far failed to sufficiently address the issue of handling different types of information. This paper suggests that currently used methods for GDM in QFD should also deal with DMs who have diversified preferences.
Multiple Preference Formats
In the traditional GDM process, DMs provide their preferences by using decision matrices, with which the Although these studies using multiple preferences are highly capable of gathering different decision formats from DMs, they can be inadequate in handling the lack of information. In the next section (2.4), it can be seen that DMs and interviewers can face such situations. To eliminate such hurdles, this study suggests that the studied methods should also deal with DMs who express incomplete preferences.
Incomplete Preference Relations
In decision making processes, DMs are required to evaluate criteria and alternatives with complete linguistic preference relations. Sometimes, however, it might be hard to collect all such preference relations. Considering that every one of the selected experts have his/her own experience and views, it is possible that an expert does not have complete information about the question. There can be situations where DMs are not able to effectively state any preference among the available options. This might happen when the DM does not have complete or adequate data or when he/she is not able to decide which options are superior to others 58 .
Considering that QFD involves GDM, such issues are possible during the evaluation process of CNs. Incomplete judgments are another perspective for linguistic preference relations considering DMs in an evaluation group may -have inadequate information. Therefore, incomplete preferences should be considered in an evaluation process. By using incomplete preference relations, evaluation limitations can effectively be managed, improving the quality and strength of the evaluation.
Scientific papers studying incomplete information are in progress. To deal with the problem of incomplete or inconsistent information, Alonso et al. 59 , a consensus model is formulated that focuses on incomplete unbalanced fuzzy linguistic information, which again utilized an iterative procedure to measure consistency based on additive transitivity. Recently, Xu 71 proposed a novel method to work out GDM problems in the following four formats of incomplete preference relations: multiplicative, fuzzy, additive linguistic, and multiplicative linguistic preference relations. His study aimed to find the closest collective opinion using an optimization model that calculates the collective ranking values of the available alternatives. Chen, Lin and Lee 72 introduced a GDM approach using incomplete fuzzy preference relations in which the consistency calculation is based on the additive and order property. Liu and Wang 73 also studied a consensus model for GDM with incomplete interval fuzzy preference relations.
An Integrated Different Fuzzy Preference Structures in GDM Approach for QFD
Although the proposed framework in this study is novel, QFD literature employs multiple preference formats. As a first, Büyüközkan Figure 2 depicts the proposed approach and the calculation procedure is provided below.
Step 1 -"Whats -Specifying the CNs": This step is about identifying what customers want and need, which can also be named as the voice of customers. In this step, CRs are defined and placed on the left side of the HOQ. Information for identifying these CRs can be collected via questionnaires, literature surveys, or expert views.
Step 2 -"Prioritizing CNs": In this step, CNs are compared and prioritized based on their individual importance degrees. These CN importance degrees will assist the design analysis step. Considering that the info acquired from DMs may not be accurate enough to effectively determine the importance degrees, this paper employs a fuzzy GDM approach.
Step 2.1 -"Harmonizing Different Relative Evaluations": DMs are supposed to provide their importance rankings based on the formats below: 1. DMs can provide a pair-wise comparison matrix, where each term is characterized as the relative for all 1 i j N
where u i = (N -o(i))/(N -1). According to Herrera et al. 48 , this type of function can be acquired by giving an importance/utility value to each alternative. If the position of alternative goes lower, than the utility value u i will be higher. It can be assumed that the preference of the best alternative over the worst is the highest allowed, which is 9. So for instance, if o(i)=1 and o(j)=N then it is presumed that x ij =9. For detailed computations of formula, Herrera et al. 48 can be studied. The closer u i is to 1, the more signicifant it will be. . This vector can be converted into relative importance relation as;
Commentating u i /u j as a ratio of the preference intensity for x i to that of x j , it can be assumed that x i is u i /u j times good as x j . This is one of the basic functions to acquire the intensity of preference which is proposed by Saaty 78,79 . for all 1 i j N
5. DMs can state the importance of CNs without identifying the degree explicitly. In this situation,
x ij =9 and x ji =1/9, if i is more important than j
and x ij =1 if nothing mentioned.
6. DMs can prefer to choose only a subset of CNs (R') that is important for them. For this case, the CNs in the set R' have equal importance and they are dominant to remaining CNs in R/R'. The CNs in R/R' also have equal importance to each other. The preference relation can be described as;
for all 1 i j N. As soon as the DMs establish and assess the incomplete pair-wise comparison matrices of interdependent elements, evaluated preferences are defuzzified using Eq. (7);
Consequently, missing elements can be calculated in a DM's incomplete preference . Considering a reciprocal preference relation, Eqs. (8) 
The preference value of one element over itself is supposed to be equal to 0.5. For incomplete preference relation, the sets below can be used to estimate its consistency level: (18) with ij , a parameter to control the effect of entirety in the assessment of the consistency levels. 1 1 , in terms of a positive ratio scale, based on the phrase below:
being: {1, …, Lk} {1, …, Lk}, a permutation such that demonstrates the degree to which the proportion t is concordant with the meaning of the quantifier it represents. The weights can be acquired as follows for a non-decreasing relative quantifier Q:
where Q(t) is defined as (Kacprzyk 82 Step 2.3 -"Determining the importance of CNs": to determine the importance weights of CNs, we must take advantage of the group opinion gathered in the matrix P k obtained by Eq. (23. The next step is to quantify the importance of one CN against others in a fuzzy majority cognation. By using the OWG operator, 
we have the importance degrees in percentage for the group k. These steps should be sustained in all levels of the evaluation model. The importance degree of each requirement in the hierarchy is computed by multiplying its importance value with the importance values of its up level requirements. Finally, the weighted sum of CN's group importance values is computed to achieve the aggregate CN importance.
Step 3 -"Detecting the DRs": Initially CNs are transformed to technical attributes. DRs are defined based on the company's operational or managerial plans for the purpose of satisfying the customers. While specifying the DRs, finding direct solutions to defined CNs is the most substantial matter.
Step 4 -"Prioritizing DRs": Here, firstly a relationship matrix is established between CNs and DRs. Each DRs is correlated separately to each CNs by considering the degree for the contribution of a requirement in meeting CNs for the attribute. Depending onto the influence of the DRs in meeting CNs, values "Empty=no relationship", "1=probable relationship", "3=medium relationship", and "9=strong relationship" are assigned.
Then by using the relative importance of every CN and the relationship matrix, the importance of each DR is calculated. The quality of the relationship matrix heavily affects the accuracy of the results in this step. CNs are interlaced with DRs in this computation process. Namely, the outcome defines the relative weight of each of the DRsagainst CNs. The relative weight of each DR is computed by multiplying the sum of each CN importance value and the measured relationship between the same CN and the DR in use.
Application of the proposed approach: Development of Portable Entertainment and Game Systems
With the advent of technology, everything has become much more complex. In the portable entertainment and game systems, major improvements are provided from single-color LCD screen to touch screens that can obtain millions of colors. Thereby to illustrate the proposed approach, "Portable Entertainment and Game Systems" are chosen.
Step 1 -Identifying customers and CNs: Here the important point is that for portable entertainment and game systems, products in the market impress different customer groups from children to adults. According to a research report a , console usage distribution by age is as Step 2 -Prioritizing CNs:
Step 2.1 -Harmonizing Different Relative Evaluations: For example to assess the groups, criteria (main factors, technical factors, marketing factors) evaluations are given respectively. a http://blog.nielsen.com/nielsenwire/media_entertainment/hottestjune-on-record-for-video-gaming/ a-Group 1 -Children:
• Member 1 gives an importance ordering of {1,2,3}.
• Member 2 provides an incomplete evaluation matrix.
• Member 3 states an importance degree vector {0.5, 0.6, 0.6}.
• Member 4 says 1 and 2 are important than 3.
• Member 5 gives a subset of CNs {r1} that is determined as significant.
• Member 6 ensures a subset of CNs and assigns importance to them in linguistic terms {r1: I, r2: VI}.
• Member 7 evaluates each CNs in linguistic terms {I, I, I}.
With the help of transformation functions stated in section 3 -step 2.1, importance relation matrices P 11 to P 17 are calculated. 1.00 1.00 1.00 P 17 = 1.00 1.00 1.00
1.00 1.00 1.00
To describe this step more clearly, some sample calculations of every member's importance relation matrices are shown as follows.
Member 1: The ordered importance vector of member 1 can be converted into a relative importance relation as 3 9 9 Member 2: Transforming the incomplete preference matrix of member 2 into a relative importance relation is described below.
Known values are defuzzified using Eq. (7). For instance, defuzzified incomplete evaluation 12 21 p is calculated as 
Eqs. (8) to (10) 12 12 p , the consistency level, computed using Eqs. (11) to (19) 15 12 p is calculated as 9.
Member 6: The relative importance of member 3 for 16 12 p can be calculated using Eq. (6) Step 2.2 -"Collection of the assessments": Considering the matrices P 11 -P 17 , with the help of Eqs. (8) and (9), we make use of the IOWG operator with the fuzzy linguistic quantifier "at least half -(0, 0. Step 2.3 -"Acquiring priorities from the evaluation matrix": Eqs. (8) and (9) The relative quantifiers are decided by the interviewer based on majority concept in the previous and present parts of this study.
b-Group 2 -Teenagers: • Member 1 gives an ordered importance vector {1,2,3}.
• Member 2 states an importance degree vector {0.6, 0.3, 0.3} • Member 3 gives an incomplete evaluation matrix.
• Member 5 supplies a subset of CNs { r 1 ,r 2 } that is found important.
• Member 6 gives an evaluation matrix CR1 CR2 CR3 Step 2.2 -"Collection of the assessments": Considering the matrices P 21 -P 27 , the IOWG operator is used again with quantifier "at least half -(0, 0.5)" for finding the group importance relation matrix. Then using Eq. (7), (transformed to Eq. (10) 1.00 1.00 1.00 P 37 = 1.00 1.00 1.00
Step 2.2 -"Collection of the assessments": Considering the matrices P 31 -P 37 , quantifier "at least half -(0, 0.5)" is used again with IOWG operator. Then using Eq. Step 2.3 -"Acquiring priorities from the evaluation matrix": The weighting vector corresponding again to the fuzzy linguistic quantifier "at least half" is used in this step. Then, Eq. (11) (27) Also if a reciprocal fuzzy linguistic preference
is consistent, then the statements below are equivalent: (33) More detailed information can be seen in Wang and Chen's paper 67 . According to computations, the results show that overall importance is same in both approaches. If we apply this method to find the missing values in each group's incomplete decision matrices, we acquire the following computations.
For member 2 of group 'Children': Similarly for groups 'Teenagers' and 'Adults', we obtained same outputs in both approaches for the incomplete preferences given by members. The missing preference computations resulted as expected; this means that the approach of our study is consistent and valid. Furthermore, we believe that the approach for controlling the consistency level and estimating errors is more clear and strong in the proposed method of Herrera-Viedma et al. 62 , which is implemented in this study.
Concluding Remarks
Being a customer focused quality management system; HOQ for product improvement includes great input data gathered from QFD team members. However, based on their background and experience, team members supply information about their preferences in various ways. As DMs state their preferences over alternatives in diversified structures, a fuzzy logic based QFD approach is developed to solve such a GDM problem. The prioritization of CNs is the key step in QFD for acquiring the importance of DRs, thereby we believe that further significance should be given to analyze and associate relative personal evaluations in various even incomplete formats.
In this paper, we studied a method that helps us to merge both qualitative (linguistic) and quantitative (numerical) data for QFD; and we detected the CNs' importance values using the fuzzy majority concept in a new application "Portable Entertainment and Game Systems".
To summarize the study, the main contributions may be underlined as follows:
The main topics of the study have been investigated and presented comprehensively in the literature review.
Multiple preference relations help to combine different types of evaluations and increase the flexibility in the GDM process. This study can be stated as one of the pioneers in the literature because of applying multiple preference formats including incomplete preferences. Since customers are allowed to give different formats of expressions instead of precise terms, the approach is helpful for stating the weights of the CNs. As the proposed approach prevents the decrement of information and the lack of certainty, the evaluations acquired from customers and designers are handled more accurately.
Extended studies can include the use of different aggregation operators other than this proposed method 81, 83 .
